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Abstract 
In this paper, a distributed micro-grid planning model has been presented to optimize the locating and the unit 
capacities within distributed generation (DG) micro-grid, in which wind power and photovoltaic power are taken into 
consideration simultaneously. Optimal power balance is achieved through minimizing the cost-effectiveness rate 
under given financial constraints. Both Elitism Genetic Algorithm (EGA) and Particle Swarm Optimization (PSO) are 
employed for comparison study with optimizing the given DG optimization model. The results have shown that EGA 
has outperformed PSO in the case study. 
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1. Introduction 
Due to the energy shortage and environmental protection constraints, our government has set up a 
target that, until 2020, the emissions of carbon dioxide will have been reduced to 40%-50% of per unit of 
gross domestic product (GDP). Because of the great responsibility of electric industry on cutting 
emissions of greenhouse gases and reducing the impact on the climate, it has become a hot topic in recent 
years how to develop and utilize clean renewable energy. During the period of “11th Five-Year Plan”, the 
power restructuring of China is obviously regulated. The proportion of investment on hydropower, 
nuclear power, wind power, photovoltaic power generation and other style of new energy generation were 
improved continuously. However, with the rapid development of the power industry, the ice storm in 
early 2008 has stood out some weaknesses on the security, stability and vulnerability of power network. 
The inevitable way to solve problems is to plan and develop distributed supply micro-grid system and 
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centralized power supply system harmoniously. Compared with lager electric network, the micro-grid that 
composed by the load and micro-power (i.e. the DG contained in micro-grid, such as wind power, 
photovoltaic power generation) can provide electricity and heat simultaneously[1]. The locating and 
capacity of a DG have different extent inuences on short-circuit current, bus voltages and power flow[2]. 
Therefore, studying on micro-grid system modeling based on new energy has important theoretical value 
and application prospect. The installed capacity (GW) changes of new energy from 2009 to 2020 were 
presented in Table 1. 
The studies on Distributed micro-grid planning can be roughly divided into two aspects. 1). the model 
of sizing and locating of DG was formulated into a multiobjective model. The objective functions 
considered a lot of factors, such as the cost of investment, the cost of power losses[3]. 2). the objective 
function was worked out by heuristic algorithm. Considering large investment, high risk and low 
utilization that brings by peak load[4]. Genetic algorithm was used to optimize the feeder network and the 
sitting and sizing of DG. Furthermore, the operation schedule of DG at the different load level was also 
provided.  
In this paper, considering the insufficient of existing research, the optimization model was set up based 
on wind power and photovoltaic power generation in which the capacity and position of each DG are 
uncertain. It had adopted EGA and PSO to solve the model. Finally, the results were analyzed in order to 
evaluate the performance of each algorithm. 
Table 1. The installed capacity of clean energy  (GW) change from 2009 to 2020 
Energy type Wind Photovoltaic Nuclear 
Capacity (2009) 120 0.2 1 
Capacity (2020) 150 20 86 
Annual growth rate 25.81% 51.99% 21.61% 
2. Mathematical Model for Distributed Generation Planning Problem 
Some properties of wind power and photovoltaic generation make the modeling complex, such as the 
random volatility, the poor controllability, the weak predictability and the low energy density[5]. With the 
purpose of avoiding those characteristics, the model was to estimate power generation through everyday 
solar radiant quantity and mensual wind speed on average per year. 
Cost-effectiveness ratio function was introduced, in order to maximize the electricity production and 
minimize investment cost. Such DG planning model can be formulated as the following (1)-(5): 
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And the investment cost can be obtained with (7): 
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Thus, the optimization objective of the DG planning model in this paper can be revised as (8): 
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The feasible solution of the problem should satisfy the constraints from (2)-(5).The meaning of the 
symbols in the model can be described as, 
Variables: 
Pwi is the power of i − th wind generation, and Psj is the power of j − t� photovoltaic generation. 
Parameters: 
Wren is electricity production that contains both wind power and solar power (kW�); M is the number 
of wind power stations, N is the number of photovoltaic power plants; Pren is the total rated capacity of 
the power (kW); Pg is the rated power of gas (fuel) generator (kW); Pl, whose load is 1.2-1.5 times of the 
rated load, is the predictive extreme load power in micro-grid(kW).hi is the effective hours of i-th wind 
power in the whole year(�); hj is the effective hours of j-th photovoltaic generation in the whole year(�); 
� is the limited hours under the using of whole year load Pl(h); αi is the cost coefficient of i-th wind 
generation in per 1000 watts; βj is the cost coefficient of j-th photovoltaic power in per 1000 watts; λ is 
the cost coefficient of the Power distribution system in per 1000 meters; η is the cost coefficient of the 
battery in per containment (kW�); L is the distance of power distribution system (km). Besides, the model 
in this paper not only employed wind power and photovoltaic generation, but also the energy storage 
battery, where Wst is the battery capacity of stored energy (kW�). 
DGs that contain Wind power and photovoltaic generation have intermittent and random properties. 
However, anti-peaking characteristic of wind power poses a challenge to power flow control, short circuit 
current control and power quality. At present, there is significant uncertainty on operation due to the 
imperfection of the prediction system of wind power. Without the help of basic date and accuracy 
prediction, power companies formulate a planning, what is more, operation mode is uncertain. The gas 
(fuel) turbine generator will be used as a compensate generator to undertake the demand for electricity 
supply, when DGs are overhauling or the weather impacts on electricity production of DGs. Taking 
economic factors into account, the installation power of DG cannot be 0 kW, so the limits of installation 
power can be defined as (9)-(10): 
0 1000wiP< <                   (9) 
0 1000sjP< <               (10) 
Besides that, the micro-grid with DGs should consider the power quality problems. In order to ensure 
safe and efficient operation of the grid, the energy management system of micro-grid, whose adopt 
detection techniques and control strategies that based on power planning, should be used. We can 
simulate the micro-grid to evaluate on chromosomes of population [6−8]. 
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3. Comparison Algorithms for Study 
3.1. Elitism genetic algorithm 
Genetic algorithm (GA), proposed by Holland in 1975, is inspired by the natural selection and the law 
of regeneration. And it is one of the most popular evolutionary-based algorithms. The planning programs 
that finally achieve the convergence criterion are translated into a bundle of chromosomes by encoding 
and control the search direction by the merits of fitness function. It has been successfully applied to 
numerous problems both at the level of structural and parametric optimization. Steps of GA are listed as 
follows [9]: 
Step.1 Generate an initial population randomly which satisfies all constraints. 
Step 2. Calculate the fitness which is defined to reflect the practical problem for each individual. 
Step 3. Stop the calculation and output the optimal solution, if the termination rule is met, or follow the 
next step. 
Step 4. Selection, which is to generate a new population based on the probability which is determined 
by the fitness of each individual. 
Step 5. Make crossover and mutation on individual of population. 
Step 6. if the number of iterations is acheived, stop the iteration and output the result; otherwise return 
to Step 2. 
In [10], it has proposed a method of the DG site selection and constant volume in distributed power 
network expansion planning. GA is used to generate an individual planning which contains the location 
and capacity of each DG, then, simulated annealing algorithm is used to expansion network. Considering 
the special constraint of distributed power system, GA is used to optimize the cost of power. Despite that, 
the process of optimization is vulnerable to local extreme. 
Compared to the GA, EGA has two differences. On the one hand, the excellent individual is reserved 
without appearance in the process of crossover and mutation. On the other hand, in the step of selection, 
according to the fitness of individual, the best one replaces the worst individual that emerged in the next 
generation. All in all, with the help of elitist genetic algorithm, the best individual cannot be lost in the 
process of selection, crossover and mutation. What is more, the ability of global convergence is improved 
obviously. The flow chart of EGA can be shown as Fig.1. 
3.2. Particle swarm optimization 
PSO is a population-based stochastic search technique introduced firstly by Kennedy and Eberhart in 
1995, the basic idea of PSO is that birds find food by population not by each individual. Subsequently, 
PSO was used to optimize complex problems [11]. Steps of PSO are listed as follows: 
Step 1.Initialize N particles, including random position, velocity and the number of iterations.  
Step 2. Evaluate the fitness function of particles. 
Step 3. Every particle should be compared with the best position of particles, which is called pbest. If 
the particle is better than pbest, updated pbest. 
Step 4. Every particle should compare with gbest the best position of population, if the particle is better 
than gbest, updated gbest. 
Step 5. According to update formulas of the speed and location, update the velocity and position of the 
particle in the boundary. 
Step 6. If the number of iterations is achieved, stop the algorithm and output the result; otherwise 
return to Step 2. 
This procedure can also be illustrated as Fig.2. 
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In [12], PSO is used to optimally solve the size and location of multi-distributed generation (multi-DG) 
units in distribution systems with different load models. In [13], the method based on PSO is used to 
solve the daily Volt/Var control which is a non-linear mixed-integer problem examples analysis. 
                      
Fig. 1. Flowchart of Elitism Genetic Algorithm                           Fig. 2. Flowchart of PSO algorithm 
4. Case Study 
4.1. Problem description 
In order to test the effectiveness of two algorithms, referring to [3] and [11], EGA and PSO are used to 
optimize new energy power planning that contains wind power and then photovoltaic generation, and 
compared with other algorithms mentioned in papers. Referred to [8], taken the island for example, the 
prediction of total load is 850kw, and investment is 43 million $. 
Basic data of seven potential DGs, such as generation hours and cost coefficient, are obtained from the 
regional research/ data collection as shown in Table 2. 
Table 2. Basic data of wind power and photovoltaic generation 
Generation Wind1 Wind2 Wind3 Wind4 
Generation hours 1000 1510 1330 2010 
Cost per kW 10000 12000 15000 20000 
Generation Wind5 Solar1 Solar2  
Generation hours 1640 1100 950  
Cost per kW 18000 35000 42000  
4.2. Parameters setting 
1) Comparison Algorithms. In [3], the optimization process is solved by GA to evaluate DG impacts 
on system reliability, losses and voltage profile. In [11], considering the biomass wastes, PSO is used to 
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optimize the location and capability of DGs. In this paper, algorithms mentioned in [3] and [11] are used 
to optimize the model. 
2) Parameters Setting. In order to obtain the best performance with EGA and PSO, experiments were 
taken to search the best parameter combination. After the experiments, we obtain the best parameters 
setting: 
In the EGA, binary encoding and roulette wheel selection is taken as coding and selection strategy. 
The maximum evolutionary generation is select as MaxGens = 200, the maximum population size as 
PopSize = 800, the probability of crossover as pc =0.8, and the probability of mutation as pm = 0.005. 
In order to compare the performance of the two algorithms based on fair circumstances, the parameters 
of PSO are set as: the maximum evolving iteration as MaxIter = 200, the particle swarm size as PopSize = 
800, the learning rate c1 = 2.0 and c2 = 2.0, and the inertia weight w = 0.8. 
4.3. Results analysis 
With parameters set as mentioned above, both EGA and PSO are employed for 30 independent pilot 
runs, and Table 3 shows one of the pilot populations evolving process, while Table 4 shows the statistical 
comparison results. Besides, the original study reference result shown in [8] is also taken into account for 
comparison study. 
One of the EGA simulation procedure is presented as Fig.3. 
Fig.4 shows the comparison evolving curve of EGA and PSO with the similar evolutionary parameters 
setting. 
From table 3, we can find that the result of cost-effectiveness ratio optimized by EGA and PSO is 
better than the optimal solution presented in [8]. 
From table 4, we can find that, the EGA outperforms PSO in average results of 30 independent pilot 
runs, while the deviation of PSO is smaller than that of EGA. So both the two algorithms have merits and 
drawbacks on optimization to this problem. 
             
Fig. 3. The single evolution curve of EGA                                         Fig. 4. Comparison evolution curve of  EGA v.s. PSO 
As the best individual of each generation is preserved without appearance in the process of crossover 
and mutation, EGA performs well on dealing with premature issues. Fig.4 shows that both EGA and PSO 
can find the optimal solution under a given maximum iterations. 
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Table 3. optimization results of EGA and PSO 
Generation Wind1 Wind2 Wind3 Wind4 
Ref[8] 65 600 230 350 
EGA 926 983 102 994 
PSO 998 996 130 478 
Generation Wind5 Solar1 Solar2 Cost-effectiveness ratio 
Ref[8] 120 560 565 1.276 
EGA 120 101 100 1.058 
PSO 338 109 100 1.078 
Table 4. Statistical results of EGA and PSO in 30 pilot runs 
 EGA PSO 
Average Cost-effectiveness ratio 1.037 1.050 
Best Cost-effectiveness ratio (Min) 0.997 1.013 
Worst Cost-effectiveness ratio (Max) 1.102 1.098 
σ(deviation) 0.314 0.299 
5. Conclusion 
In allusion to the problem of distributed micro-grid plan based on new energy power generation, the 
thesis built the model for cost-effectiveness ratio optimization, analyzed the problem of an island’s 
distributed micro-grid using GA with elitism strategy and particle swarm optimization (PSO), and finally 
made conclusions that with better performance, EGA and PSO outperformed the original GA in reference 
[10], and the performance of EGA is a bit better than that of PSO. 
GA, EGA and PSO can get the optimal solution finally. However, multi-objective model is not 
considered in the paper. In the further research, it should be optimized respectively. 
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